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ABSTRACT 

Objective: Highly sensitive guaiac-based faecal occult 
blood (Hemoccult SENSA) and Helicobacter pylori stool 
antigen testing might help detect upper gastrointestinal 
lesions when appended to a colorectal cancer screening 
programme with faecal immunochemical testing. We 
evaluated the diagnostic accuracies of two stool tests in 
detecting upper gastrointestinal lesions. 
Design: Cross-sectional design. 
Setting: Hospital-based and community-based 
screening settings. 

Participants: A hospital-based deviation cohort of 3172 
participants to evaluate test performance and a 
community-based validation cohort of 3621 to verify the 
findings. 

Interventions: Three types of stool tests with 
bidirectional endoscopy as the reference standard. 
Outcomes: Sensitivity, specificity and positive and 
negative likelihood ratios. 

Results: For detecting upper gastrointestinal lesions in 
cases with negative immunochemical tests, the 
sensitivity, specificity, and positive and negative 
likelihood ratios of the guaiac-based and H pylori antigen 
tests were 16.3% (95% C1 13.3% to 19.8%), 90.1% 
(88.9% to 91 .2%), 1 .64 (1 .31 to 2.07), and 0.93 (0.89 to 
0.97), respectively, and 52.5% (48.1% to 56.9%), 80.6% 
(79.0% to 82.1%), 2.71 (2.41 to 3.04) and 0.59 (0.54 to 
0.65), respectively. For detecting upper gastrointestinal 
lesions in cases with normal colonoscopy, the results of 
the guaiac-based and H pylori antigen tests were 17.9% 
(14.8% to 21.5%), 90.1% (88.9% to 91.2%), 1.81 (1.45 
to 2.26) and 0.91 (0.87 to 0.95), respectively, and 53.1% 
(48.6% to 57.4%), 80.7% (79.1% to 82.2%), 2.75 (2.45 
to 3.08) and 0.58 (0.53 to 0.64), respectively. Within the 
community, positive predictive values of the 
immunochemical and H pylori antigen tests were 36.0% 
(26.0% to 46.0%) and 31.9% (28.3% to 35.5%), 
respectively, for detecting lower and upper 
gastrointestinal lesions, which were similar to expected 
values. 



Strengths and limitations of this study 



Faecal occult blood tests include guaiac-based 
tests and immunochemical tests; the former tests 
for haeme while the latter tests for globin. Because 
globin can be digested by enzymes in the upper 
gastrointestinal tract, the immunochemical test is 
more specific to colorectal diseases. To differenti- 
ate lesions in the upper gastrointestinal tract from 
lesions in the lower gastrointestinal tract, the 
highly sensitive guaiac-based test (Hemoccult 
SENSA) combined with the faecal immunochem- 
ical test may be helpful. In addition to the highly 
sensitive guaiac-based test, the Helicobacter pylori 
stool antigen test may be an alternative choice for 
mass screening because H pylori is well known as 
a major cause of peptic ulcers and gastric cancer. 
In participants with normal colonoscopies, the 
highly sensitive guaiac-based test can detect occult 
blood from the upper gastrointestinal tract in 
approximately one-fourth of cancerous lesions and 
the detectability increases with cancer stage. In 
participants with negative immunochemical tests 
or normal colonoscopies, the H pylori stool 
antigen test is more accurate than the highly sensi- 
tive guaiac-based test in the detection of upper 
gastrointestinal lesions. 

In community setting, it is applicable to add the H 
pylori stool antigen test into the colorectal cancer 
screening with the faecal immunochemical test. 
This is the first study to determine the diagnostic 
accuracy of commercially available stool tests in the 
detection of upper gastrointestinal lesions and also 
the first one to evaluate the feasibility of a two-in-one 
stool test for the simultaneous screening of upper 
and lower gastrointestinal lesions in the community. 
Further randomised controlled trials are needed 
to confirm the long-term efficacy and cost- 
effectiveness of using our screening strategy. 
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Conclusions: The H pylori stool antigen test is more accurate than the 
guaiac-based test in the screening of upper gastrointestinal lesions in a 
population with high prevalence of H pylori infection and upper 
gastrointestinal lesions. It is applicable to add the H pylori antigen test 
to the immunochemical test for pan detection. 
Trial registration: NCT01341197 (ClinicalTrial.gov). 



INTRODUCTION 

Upper and lower gastrointestinal diseases have an 
impact on global health and economics. 1 2 Although 
mass screening can detect early lesions, 3 coordination of 
different methods to simultaneously screen lesions at dif- 
ferent depths is required. 4 Thus, an efficient alternative 
screening method is needed. 

A campaign against colorectal cancer has suggested 
that the use of faecal occult blood tests can efficiently 
reach the population and decrease mortality. 5 Faecal 
occult blood tests include guaiac-based test and faecal 
immunochemical test (FIT); the former test measures 
haeme, while the latter test measures globin. Because 
globin can be digested by enzymes in the upper gastro- 
intestinal tract, 6 the guaiac-based test combined with the 
immunochemical test may help differentiate lesions in 
the upper gastrointestinal tract from lesions in the lower 
gastrointestinal tract. 7 8 

Other than occult blood, stool tests detecting molecular 
markers are under continuous development; however, 
most stool tests are not widely available commercially. 9 One 
exception is the Helicobacter pylori stool antigen test (HPSA) 
because H pylori is well-known as a major cause of peptic 
ulcers and gastric cancer. 10 As the absolute number of 
patients with gastric cancer is increasing due to advancing 
age of the global population, 11 it makes sense to combine 
two specific tests (HPSA and FIT) into one panel for the 
detection of upper as well as lower gastrointestinal lesions. 

Beginning in 2004, the Taiwanese Government 
initiated a nationwide colorectal cancer screening pro- 
gramme using biennial FIT. 12 Thus, a unique opportunity 
exists to evaluate the diagnostic accuracies of the guaiac- 
based and HPSA tests for detecting upper gastrointestinal 
lesions, which was the primary aim of our study. Our sec- 
ondary aim was to evaluate the feasibility of combining 
two stool tests for pan detection in a real world setting. 

METHODS 
Study design 

We recruited consecutive participants from hospital-based 
and community-based screening sources; the former 
(deviation cohort) was used to evaluate the test perform- 
ance and the latter (validation cohort) was to confirm the 
reproducibility and applicability of the screening strategy 
in the community. All participants provided signed 
informed consent before enrolment. Both studies were 
approved by the Hospital Institutional Review Board 
(numbers IRB201101016RC and 201205030RIB). 



DEVIATION COHORT 
Recruitment of study participants 

First, beginning on 1 March 2011, we recruited partici- 
pants at the National Taiwan University Hospital (Health 
Management Center; Taipei, Northern Taiwan) through 
advertising messages for cancer screening. Participants 
>18 years of age who had completed the FIT, guaiac- 
based test, HPSA and bidirectional endoscopy were 
included. Cancer detection was the main purpose of the 
stool test; a small sample of cancers was obtained from a 
single site. To enrich the deviation cohort with the 
sample of gastrointestinal tract cancers, we also recruited 
participants in whom gastrointestinal tract cancers were 
suspected by the non-invasive screening test, such as radi- 
ology and oral inspection, at the Gastroenterologic or 
Otolaryngologic Clinics at National Taiwan University 
Hospital. Research staff recruited participants by explain- 
ing the purpose and eligibility requirements of the study. 
The participants were requested to complete three types 
of stool tests and undergo bidirectional endoscopy; 
however, those participants who underwent only one 
endoscopy for detection of a cancerous lesion were still 
eligible because it was rare (approximately 0.9%) for one 
subject to have important lesions in the upper as well as 
lower gastrointestinal tracts in the cancer screening 
group. All of the stool samples were collected before con- 
firmatory endoscopic diagnoses were available. 

In the deviation cohort, we ensured that bleeding was 
occult by excluding those participants who had overt 
gastrointestinal bleeding, including haematemesis, tarry 
stools, melena or hematochezia. We also excluded parti- 
cipants with histories of a gastrectomy and/or colectomy 
and pregnant or lactating women. 

Stool tests 

Ten days before cancer screening, we mailed one collec- 
tion card for the highly sensitive guaiac-based test 
(Hemoccult SENSA Single Slides; Beckman Coulter, Inc, 
USA) and two sampling tubes for the HPSA (Easy One 
Step Test; Firstep Bioresearch, Inc, Taiwan) and the FIT 
(OC-SENSOR; Eiken Chemical Co, Ltd, Tokyo, Japan) 
to eligible participants. We used the 1-day method for all 
stool tests and advised participants to start diet and drug 
restrictions 3 days before they obtained the stool samples 
and to obtain stool samples within 2 days before starting 
the bowel preparation. Stool samples were brought to 
the hospital on the screening day and tested immedi- 
ately. Two technicians executed the guaiac-based and 
H pylori stool antigen tests and read the results inde- 
pendently; disagreements were resolved by consensus. 
For the cancer group, they were also requested to follow 
the same rule for stool sample collection. 

The sensitivity and specificity of the HPSA for the deter- 
mination of H pylori infection status were 88% and 99%, 
respectively. 13 The FIT was processed at the hospital's 
central laboratory using an automated reader and the 
cut-off concentration was set at 100 ng of haemoglobin/mL 
of buffer (equivalent to 20 |ig haemoglobin/g of faeces). 14 
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Bidirectional endoscopy 

Endoscopic findings and histological results served as 
the reference standard. Participants were given polyethyl- 
ene glycol for bowel preparation, which they drank at least 
4 h before endoscopic examinations. This bowel prepar- 
ation scheme had been shown with less than 5% poor or 
inadequate preparation in our population. 15 The partici- 
pants were advised to stop anticoagulant or antiplatelet 
therapy for 7 days. Oesophagogastroduodenoscopy and 
colonoscopy were performed by nine experienced 
endoscopists, each with a minimum experience of 5000 
colonoscopies. Endoscopic findings were recorded elec- 
tronically with information on quality of preparation, 
completeness of colonoscopy, endoscopic findings and 
whether or not a biopsy was performed. Participants 
who declined endoscopy or had an incomplete colonos- 
copy, including failed caecal intubation and poor bowel 
preparation, were excluded. 

Definition of important lesions 

Lesions consistent with occult bleeding were defined as 
important, and were classified into three major categor- 
ies, as follows in flow diagrams: neoplastic, inflammatory 
and vascular. 7 16 Important upper gastrointestinal lesions 
included cancer, an ulcer >0.5 cm in diameter, reflux 
oesophagitis with a severity of Los Angeles grade C or 
D, 17 Barrett's oesophagus, oesophageal varix with a 
severity of form II or III, 18 and gastric antral vascular 
ectasia. Gastritis and ulcer scars were not included. 
Important lower gastrointestinal lesions included colo- 
rectal cancer, advanced adenomas, ulcers or colitis and 
angiodysplasia. An advanced adenoma was defined as 
>10 mm in diameter or having a villous component or 
high-grade dysplasia. 11 Adenomas <10mm in diameter, 
hyperplastic polyps and haemorrhoids were not 
included. All endoscopists were blinded to stool test 
results before endoscopic examination. 

VALIDATION COHORT 
Recruitment of study subjects 

According to the results of the deviation cohort, we 
found that the H pylori stool antigen test had a better 
performance in the detection of upper gastrointestinal 
lesions. We then evaluated the applicability and reprodu- 
cibility of this strategy in a community population aged 
50-69 years (Changhua County, central Taiwan) in the 
Changhua Community-based Integrated Screening 
(CHCIS). This integrated screening programme has pro- 
vided oral inspection for oral/throat cancer, mammog- 
raphy for breast cancer, Pap smear for cervical cancer 
and FIT for colorectal cancer since 2005. 4 In 2012, we 
added the HPSA into this screening programme and 
used standard screening indicators, including participa- 
tion rate, positive rate, referral rate, endoscopic findings, 
positive predictive value and detection rate, to confirm 
the applicability of this new strategy in the community 
and compared the observed and estimated positive 



predictive values to confirm the reproducibility of the 
stool test performance. 19 The endoscopic diagnoses of 
gastrointestinal neoplasia were confirmed by histological 
results under routine medical practice. 

Under the auspices of the Changhua County Public 
Health Bureau and the Health Promotion Administration, 
Ministry of Health and Welfare, a series of consensus 
meetings and educational programmes were held for 
primary care physicians and first-line healthcare workers 
before implementation. Beginning on 21 April 2012, eli- 
gible participants were invited by telephone or postcard 
from 27 public health units covering a total of 26 town- 
ships. Participants with positive results were referred to 15 
local gastrointestinal clinics and 9 hospitals in Changhua 
County for antibiotic treatment and/or endoscopic diag- 
noses. The sample size was planned to be similar to the 
hospital-based deviation cohort. 

STATISTICAL ANALYSIS 

Stool test performance and sample size estimation 

We began our analyses from evaluations of the guaiac- 
based and FIT for the screening of lower gastrointestinal 
lesions. We used test results and colonoscopic findings 
to construct a 2x2 table and expressed test performance 
as sensitivity, specificity, positive and negative likelihood 
ratios and corresponding 95% CIs. 

For the detection of upper gastrointestinal lesions, our 
sample size estimation was based on the fact that the 
detectability of the guaiac-based test for the upper 
gastrointestinal lesions should be interpreted together 
with a negative FIT. 7 We anticipated that the prevalence 
of the upper gastrointestinal lesions would be higher in 
cases with positive guaiac-based tests, but negative FIT. 
We were aware that approximately 12% and 4% of a 
general population would test positive with the guaiac- 
based and FIT, respectively, so at least 8% of the partici- 
pants would have positive results for the guaiac-based 
test, but negative results for the FIT. 20 21 We assumed 
that the prevalence of upper gastrointestinal lesions 
would be at least 30%, which was 10% higher than that 
of the general population, 6 thus the guaiac-based test 
would yield a diagnostic OR of at least 1.7. By setting a 
power of 80% and a 0.05 one-side type 1 error, we deter- 
mined that an overall sample size of 3138 would be suffi- 
cient. To account for 10% participants who might return 
an inadequate sample, we planned to test 3500 
participants. 

We also evaluated whether or not the HPSA would be 
effective under the same testing conditions. We assumed 
that the prevalence of upper gastrointestinal lesions with 
occult bleeding would be 10% higher in participants 
with H pylori infection than the prevalence in the 
general population. We knew that approximately one- 
fourth of our population were infected with H pylori and 
that 88% would test positive. 13 Based on the predefined 
type 1 error and predetermined sample size, the power 
to reject our null hypothesis was 99%. 
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In the previous scenario, performance of the guaiac- 
based test in detecting upper gastrointestinal lesions 
could be underestimated because some colorectal 
lesions would test negative by the FIT. Therefore, we also 
evaluated whether or not we could use the guaiac-based 
test to guide the use of oesophagogastroduodenoscopy 
in cases with normal colonoscopy results. 16 

For different clinical scenarios, we calculated the test 
performance of the guaiac-based and HPSA in detecting 
upper gastrointestinal lesions and used the two-sample 
proportional test to make comparisons between the 
tests. A two-sided p value <0.05 indicated a significant 
difference. Statistical analyses were performed using SAS 
V.9.2. Knowing that the guaiac-based and HPSA tests 
may detect different lesions of the gastrointestinal tract, 
we did subgroup analyses according to the anatomic 
sites and tumour stages 22 to determine whether or not 
test sensitivity would change. 

Community validation 

Using sensitivity and specificity derived from our 
hospital-based study and reported prevalence of gastro- 
intestinal lesions in the community, we estimated the 
positive predictive values of stool tests in the community 
with the Bayes' rule 23 

Positive predictive value = 

(Sensitivity) (prevalence) 
(Sensitivity) (prevalence) + (1 — specificity) (1 — prevalence) 

We compared the estimated values with observed 
values using WinBUGS (V.1.4; MRC Biostatistics Unit, 
Cambridge, UK (see online supplementary appendix 
figure SI)). 

SENSITIVITY ANALYSIS 

To solidify the generalisability of our findings, we con- 
structed a decision model using TreeAge Pro 2009 
(TreeAge Software, Inc, USA (see online supplementary 
appendix figure S2)) based on the choice of stool tests, 
the prevalence of important lesions in the upper gastro- 
intestinal tract, and the prevalence of H pylori infection 
in participants with or without upper gastrointestinal 
lesions to determine how changes in population charac- 
teristics might affect positive predictive values. 23 24 
Base-case estimates were derived from our hospital-based 
study and ranges of sensitivity analyses are shown in 
online supplementary appendix table SI. 13 25 We set a 
positive predictive value of >10% as a minimal require- 
ment to support screen tests in the community. 26 

RESULTS 

Results of the deviation cohort 

Participation rate 

Between 1 March 2011 and 15 February 2012, 4783 
participants who underwent cancer screening were 



evaluated, of which 4200 were invited to participate in 
the study and 3574 (85.1%) ultimately participated 
(figure 1). The completion rates for the guaiac-based, 
HPSA and FIT tests were 91%, 99.8% and 99.5%, 
respectively. Between 19 July 2011 and 21 November 
2012, we also enriched the hospital-based cohort with 
108 screen-detected cancers from other sites and all par- 
ticipants completed the stool tests. Our deviation cohort 
of 3172 participants was comprised of two groups. 

Results of stool tests and endoscopy 

Descriptive results are shown in table 1 and the flow dia- 
grams are shown in figures 2 and 3. Among the cancer 
screening group (n=3064), the positive rates of the 
guaiac-based, HPSA and immunochemical tests were 
11.3%, 24.2% and 3.1%, respectively, and the prevalence 
of upper and lower gastrointestinal lesions was 14.5% 
and 4.6%, respectively. Among the screen-detected 
cancer group (n=108), 33 participants with upper gastro- 
intestinal cancers did not undergo colonoscopy, while 
one participant with colon cancer did not undergo 
oesophagogastroduodenoscopy. 

Overall, the prevalence of upper gastrointestinal 
lesions was similar between participants with positive 
and negative results on the FIT (26/133 (19.6%) vs 
497/3039 (16.4%), p=0.31). Also, the prevalence of colo- 
rectal lesions was similar between participants with posi- 
tive and negative results on the HPSA (44/789 (5.6%) vs 
130/2383 (5.5%), p=0.90). However, the prevalence of 
upper gastrointestinal lesions was higher in participants 
with positive results on the guaiac-based test than those 
with negative results (98/397 (24.7%) vs 425/2775 
(15.3%), p<0.001). No serious adverse events occurred 
related to the endoscopic screening. 

In participants with a negative FIT or normal colonos- 
copy, the prevalence of upper gastrointestinal lesions 
was higher in participants with a positive guaiac-based 
test (81/333 (24.3%) and 80/328 (24.4%), respectively) 
and in participants with a positive HPSA (261/754 
(34.6%) and 249/733 (34.0%), respectively) than the 
overall population (523/3172 (16.5%); all p<0.001). 

Stool test performance 

To detect colorectal lesions or cancers, the sensitivity 
and negative likelihood ratio were similar between the 
guaiac-based and immunochemical tests, while the speci- 
ficity and positive likelihood ratio of the FIT were signifi- 
candy higher (table 2, scenario 1, p<0.001). 

In participants with a negative FIT (scenario 2) or 
normal colonoscopy (scenario 3) , the sensitivity and posi- 
tive and negative likelihood ratios of the HPSA were sig- 
nificandy better than those of the guaiac-based test in 
detecting upper gastrointestinal lesions (p<0.001), while 
the specificity was lower. For upper gastrointestinal 
cancers, the results were similar, except that there was no 
significant difference between the two tests with respect 
to the positive and negative likelihood ratios. In partici- 
pants with a negative FIT, the diagnostic ORs of the 
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Figure 1 Flow diagram of 
enrolment. EGD, 
esophagogastroduodenoscopy; 
FIT, faecal immunochemical test; 
gFOBT, guaiac-based faecal 
occult blood test; HPSA, 
Helicobacter pylori stool antigen 
test.; 



Target population 
n = 4783 



Invited population 
n = 4200 



No reference standard n = 583 

• Not scheduled for EGD n = 38 

• Not scheduled for colonoscopy n = 113 

• Not scheduled for both n = 432 



Tested population 
« = 3574 



Completed all stool tests 
n = 3226 



Inadequate or no stool test n : 

• FIT« = 18 

• gFOBT n = 323 

• HPSA h = 7 



348 



Completed reference 
standard and stool tests 
n = 3064 



Inadequate or no reference standard n - 

■ EGD n = 137 

• Colonoscopy n = 145 



162 



Analyzed population 




« = 3172 


< 


> 


r 




Community validation 




« = 3621 





Gastrointestinal tract cancers n = 108 

• Pharyngeal cancer n = 20 

• Esophageal cancer n = 17 

• Gastric cancer n = 39 

• Colon cancer n = 32 



guaiac-based and HPSA tests for upper gastrointestinal 
lesions were 1.77 and 4.60, respectively. The performance 
of the HPSA was similar between the three scenarios. 

Subgroup analysis 

The sensitivities of the guaiac-based and FIT tests were 
similar for different locations and stages of colorectal 
neoplasms (table 3). The sensitivity of the HPSA was 
superior to that of the guaiac-based test for stomach/ 
duodenum lesions and stages 1-2 cancers (mainly 
gastric cancers) , while the sensitivity of the guaiac-based 



test for upper gastrointestinal cancers increased with 
tumour stage. Note that the sensitivities of the HPSA for 
gastric lesions and gastric cancer were 60% and 78%, 
respectively. 

RESULTS OF THE VALIDATION COHORT 
Applicability and reproducibility 

Between 21 April 2012 and 31 December 2012, 6798 parti- 
cipants aged 50-69 years were evaluated, of which 3621 eli- 
gible participants were invited to participate. The results 
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Table 1 Demographic data, stool test results and endoscopic findings in the hospital-based deviation cohort 


Characteristics 


Population, n=3172 


Male gender (%) 


i y i y (ou.o) 


Age in years (SD; range) 


co n /n ~7- -inn rn o\ 

oo.u (li./, i y.u— y i .o; 


Positive stool test results (%) 




Guaiac-based faecal occult blood test 


397 (12.5) 


Helicobacter pylori stool antigen test 


/o9 (24.9) 


Faecal immunochemical test 


i OO 1 A 0\ 

1 00 (4.<;; 


Important lesions in the upper gastrointestinal tract (%) 


523 (16.5) 


Categories 




Pharyngeal or oesophageal carcinoma 


37 (1 .2) 


Erosive oesophagitis, grade C or D 


46 (1 .5) 


Barrett's oesophagus 


Q /f\ 0\ 

0 (U.o; 


Oesophageal varices, form II or III 


5 (0.2) 


Gastric carcinoma 


41 (1.2) 


Peptic ulcers 


000 (1 1 .5) 


Gastric antral vascular ectasia 


9 (0.3) 


Anatomic sites 




Pharynx or oesophagus 


96 (3.0) 


Stomach or duodenum 


/ion HO Q\ 
4o9 (lo.O) 


Important lesions in the lower gastrointestinal tract (%) 


174 (5.5) 


Categories 




Colorectal carcinoma 


39 (1 .d.) 


Advanced adenoma 


106 (3.3) 


Colitis or ulcer 


25 (0.8) 


Angiodysplasia 


4 (0.1) 


Anatomic sites* 




Proximal colon 


98 (3.1) 


Distal colon 


76 (2.4) 


'Proximal colon was defined as the level above splenic flexure (including splenic flexure). When synchronous colon lesions were found, the 


anatomic site of the most important one was used to define the location. 





are shown in table 4. We estimated that the positive pre- 
dictive values were 34.5% (95% CI 31.6% to 37.5%) and 
35.5% (28.0% to 43.8%), respectively, for the screening of 
upper and lower gastrointestinal lesions in the commu- 
nity 27 28 ; the results were similar to the observed values of 
31.9% (28.3% to 35.5%) and 36.0% (26.0% to 46.0%), 
respectively. The number of endoscopies needed to find 
one upper and one lower gastrointestinal lesion was 3.1 
(2.8-3.5) and 2.8 (2.1-3.7) , respectively. 

For cancerous lesions, the annual rates were 50.4 and 
103.8/100 000 participants aged 50-69 years, respect- 
ively, for upper (pharyngeal, oesophageal and gastric 
cancers) and lower gastrointestinal cancers, which were 
estimated by searching the databases of the Taiwan 
Cancer Registry 29 and weighting the age and gender dis- 
tributions of our tested population in the community. 
The estimated positive predictive values were 0.11% 
(95% CI 0.08% to 0.12%) and 2.57% (1.99 to 3.20%) 
for upper and lower gastrointestinal cancers, respectively, 
and the number of endoscopies needed to find one 
upper and one lower gastrointestinal cancer was 890 
(705-1200) and 39 (31-50), respectively. We expected 
that approximately 1 of 643 and 2 of 89 participants who 
underwent endoscopy had upper and lower gastrointes- 
tinal cancers, respectively. In the real community-based 
screening, we detected 2 gastric cancers and 2 colorectal 
cancers. 



SENSITIVITY ANALYSIS 

In our study under the scenario of a negative FIT, the 
positive predictive value of the HPSA was significantly 
higher than that of the guaiac-based test (see online 
supplementary appendix figure S3). When the preva- 
lence of upper gastrointestinal lesions was >5%, the posi- 
tive predictive values of the guaiac-based and HPSA 
would be >10% (see online supplementary appendix 
table S2). The positive predictive value of the HPSA 
would be higher than that of the guaiac-based test when 
the prevalence of latent H pylori infections in partici- 
pants with no upper gastrointestinal lesions was <30% 
(see online supplementary appendix figure S4). Within 
the reported range of sensitivity and specificity of the 
HPSA, the above findings were not substantially 
changed. 

DISCUSSION 

High cure rates can be achieved for gastrointestinal tract 
lesions identified in the presymptomatic stage. 
Colorectal neoplasms are currendy screened at the 
population level. In the present study, we first supported 
the use of FIT for the screening of colorectal lesions. 
Second, we evaluated the accuracies of the guaiac-based 
and HPSA tests for the screening of upper gastrointes- 
tinal lesions in cases with negative FIT or normal 
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Analyzed population 
(7 = 3172 



T 



FOBT 



> r 


> 




> t 


> 




gFOBT negative 




gFOBT negative 




gFOBT positive 




gFOBT positive 
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Figure 2 Flow diagram for the screening using the guaiac-based occult blood test and the faecal immunochemical test 
according to the Standards for Reporting of Diagnostic Accuracy statement in the hospital-based deviation cohort. 



colonoscopy. Third, we verified our findings by adding 
the HPSA to the colorectal screening programme in a 
community population. Taken together, the results of 
our work contribute new knowledge to the pan detec- 
tion of gastrointestinal tract diseases. 

A recent review suggested that current evidence 
remained insufficient to recommend for or against 
routine upper endoscopy for patients with positive stool 
occult blood tests, but normal colonoscopy, because pre- 
vious studies have found that upper endoscopic exami- 
nations can detect lesions in a wide range 13-45%. 30 
Such a heterogeneity is related to the fact that the yield 
rate of oesophagogastroduodenoscopy is subject to the 
differences in the types of faecal occult blood tests and 



the population characteristics across different studies. 
Using the reference standard of bidirectional endosco- 
pies for participants with either positive or negative test 
results or with guaiac-based or immunochemical tests, 
our study quantified the accuracy of this finding by 
showing that in patients with normal colonoscopies, the 
highly sensitive guaiac-based test can detect occult blood 
from the upper gastrointestinal tract in approximately 
one-fourth of cancerous lesions and the detectability 
increased with cancer stage, thus providing guidance for 
the use of oesophagogastroduodenoscopy, especially 
when clinical symptoms/signs, such as iron-deficiency 
anaemia, are present. 31 However, in participants with a 
negative FIT alone, a non-significant positive likelihood 
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Figure 3 Flow diagram for the screening using the Helicobacter pylori stool antigen test and the faecal immunochemical test 
according to the Standards for Reporting of Diagnostic Accuracy statement in the hospital-based deviation cohort. 



ratio did not support this interpretation. The positivity 
of FIT was irrelevant to the presence of upper gastro- 
intestinal lesions, similar to the results we previously 
reported. 

Regarding the use of HPSA, we found that the sensitiv- 
ities of 60% and 78% for gastric lesions and gastric 
cancer were non-inferior to those of 35% and 85% for 
FIT to detect colorectal lesions and colorectal cancers. 
Our results were consistent with the estimated fraction 
of 75% for gastric cancers attributable to H pylori infec- 
tion. 32 Screening for H pylori infection is unique because 
of its once-in-a-lifetime design, 33 34 and effective treat- 
ments are available. 35 36 We invited individuals at 
average risk for colorectal neoplasms to have the HPSA 



because in this age range the prevalence of latent H 
pylori infection is decreased.' Without previous oppor- 
tunistic treatment, peptic ulcers and irreversible molecu- 
lar changes are prevalent after long-term infection. 38 
Furthermore, the use of non-steroidal anti-inflammatory 
drugs/ aspirin increased (8% in our community popula- 
tion), which would have a synergistic effect with H pylori 
infection on the risk of peptic ulcers. 39 Therefore, it 
would be appropriate to undergo endoscopy for screen- 
ing early gastric neoplasms, in addition to the obvious 
benefit from antibiotic treatment for the peptic ulcer, 
chronic gastritis and chemoprevention. 34 

In areas where the prevalence of upper gastrointes- 
tinal lesions is high and the prevalence of latent H pylori 
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Table 2 Performance and the corresponding 95% CIs of three stool tests in screening important lesions in the lower or upper gastrointestinal tract under three different 
scenarios in the hospital-based deviation cohort 



Outcome variables 



Sensitivity (%) 



Specificity (%) 



Positive likelihood ratio Negative likelihood ratio 



Scenario 1: screen for lesions in the lower or upper gastrointestinal tract in all participants 
Guaiac-based faecal occult blood test 

Important lesions in the lower gastrointestinal tract 

Colorectal cancers 

Important lesions in the upper gastrointestinal tract 

Cancers in the upper gastrointestinal tract 
Faecal immunochemical test 

Important lesions in the lower gastrointestinal tract 

Colorectal cancers 
Helicobacter pylori stool antigen test 

Important lesions in the upper gastrointestinal tract 

Cancers in the upper gastrointestinal tract 



61/174 (35.1; 28.4-42.4) 
34/39 (87.2; 73.3-94.4) 

98/523 (18.7; 15.6-22.3) 
21/78 (26.9; 18.3-37.7) 

65/174 (37.4; 30.5-44.7) 
32/39 (82.1; 67.3-91.0) 
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3.17 (2.53-3.98) 
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■32.41) 



2137/2648 (80.7; 79.2-82.2) 
2347/3093 (75.9; 74.3-77.4) 



2.75 (2.45-3.07) 
2.23 (1 .80-2.77) 
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42/78 (53.9; 42.9-64.5) 

Scenario 2: screen for lesions in the upper gastrointestinal tract in participants with negative results on the faecal immunochemical test 
Guaiac-based faecal occult blood test 
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Important lesions in the upper gastrointestinal tract 
Cancers in the upper gastrointestinal tract 
H pylori stool antigen test 
Important lesions in the upper gastrointestinal tract 
Cancers in the upper gastrointestinal tract 



2290/2542 (90.1; 88.9- 
2649/2970 (89.2; 88.1- 



■91 .2) 
■90.3) 



1.64 (1.31- 
1.61 (0.96- 



2.07) 
2.73) 



261/497 (52.5; 48.1-56.9) 2049/2542 (80.6; 79.0-82.1) 2.71 (2.41-3.04) 
36/69 (52.2; 40.6-63.5) 2252/2970 (75.8; 74.2-77.3) 2.16(1.71-2.73) 
Scenario 3: screen for lesions in the upper gastrointestinal tract in participants with normal results on the colonoscopy 
Guaiac-based faecal occult blood test 



0.73 (0.65-0.82) 
0.15 (0.06-0.33) 
0.92 (0.88-0.96) 
0.83 (0.73-0.95) 

0.64 (0.57-0.72) 
0.19 (0.10-0.36) 

0.58 (0.53-0.64) 
0.61 (0.48-0.77) 
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Table 3 The number of positive cases and the corresponding sensitivity of stool tests in the screening of important lesions in 
the upper or lower gastrointestinal tract, stratified by the anatomic sites and cancer stages in the hospital-based deviation 
cohort 



Lesions in the lower gastrointestinal tract 


Faecal immunochemical test (%) 


Guaiac-based fecal 
occult blood test (%) 


All 


Location of the lesions 








Overall 


00 (of .4; 


C1 /OCT H \ 


1/4 


Uloldl OUIUI1 lUblOilb 


C.O \00.0) 




/ D 


Proximal colon lesions 


37 (37.8) 


33 (33.7) 


98 


Location of the cancers 








Overall 


32 (82.1) 


34 (87.2) 


39 


Distal colon cancers 


17 (94.4) 


17 (94.4) 


18 


Proximal colon cancers 


15(71.4) 


17(81) 


21 


Stage of the cancers 








Stages 1-2 colon cancers 


17(81) 


17(81) 


21 


Stages 3-4 colon cancers 


15 (83.3) 


17 (94.4) 


18 



Lesions in the upper gastrointestinal tract Helicobacter pylori stool antigen test (%) 



Guaiac-based faecal 
occult blood test (%) 



Location of the lesions 








Overall 


261 (53.1) 


88 (17.9) 


492 


Stomach and duodenum lesions 


247 (59.4) 


72 (17.3) 


416 


Pharynx and oesophagus lesions 


14 (18.4) 


16 (21.1) 


76 


Location of the cancers 








Overall 


41 (53.3) 


21 (27.3) 


77 


Gastric carcinoma 


31 (77.5) 


10 (25) 


40 


Pharynx and oesophagus cancers 


10 (27) 


11 (29.7) 


37 


Stage of upper gastrointestinal cancers 








Stages 1-2 upper gastrointestinal cancers 


21 (75) 


5 (17.9) 


28 


Stages 3-4 upper gastrointestinal cancers 


20 (40.8) 


16 (32.7) 


49 



The tumour stage was defined by the American Joint Committee on Cancer seventh edition. 22 

The colon above the level of the splenic flexure (including splenic flexure) was defined as the proximal colon. Synchronous lesions denoted 
concurrent proximal and distal lesions of colorectal neoplasms. When multiple lesions were present, participants were categorised according 
to the highest severity of lesions in the proximal and distal colon. 

Note that those who had important lower gastrointestinal lesions have been excluded from the evaluation of test positivity for the upper 
gastrointestinal lesions. Also note that the majority (25/28, 89.3%) of stages 1-2 cancers were stomach cancers while the majority (34/49, 
69.4%) of stages 3-4 cancers were pharynx or oesophagus cancers. 



ng 



infection is modest, our sensitivity analyses showed that 
mass screening with HPSA may be worthwhile. 
Representative areas may include East Asia, Latin 
America and East Europe. 40-46 The results also may be 
applied to select populations with high risk, including 
those with a history of upper gastrointestinal bleeding, 
those with previous history of peptic ulcer, users of non- 
steroidal anti-inflammatory drugs, aspirin or clopidogrel, 
seriously ill patients, elderly participants and immigrants 
from high-risk areas. 10 However, the positive predictive 
value of the HPSA was lower than that of the guaiac- 
based test when the prevalence of latent H pylori infec- 
tion was >30%. Such a circumstance may be observed in 
areas where the prevalence of upper gastrointestinal 
lesions was moderate, but the prevalence of latent 
H pylori infection was high. The representative areas may 
include India and Africa. 47 48 

The strengths of this study include large sample size, 
use of bidirectional endoscopy as the reference standard, 
evaluation of three tests with high commercial availability, 
and assessment of applicability and reproducibility in the 



community. A sensitivity analysis according to the preva- 
lence of upper gastrointestinal lesions and H pylori infec- 
tion further solidified the generalisability of these 
findings. Nevertheless, our study had limitations. First, we 
used the 1-day method for the highly sensitive guaiac- 
based test. We found that its sensitivity was similar to that 
of the FIT for detecting colorectal lesions, indicating that 
such a 1-day test was also an option. However, we might 
have underestimated the sensitivity of the guaiac-based 
test for detecting upper gastrointestinal lesions as occult 
blood was more likely intermittent and unevenly distribu- 
ted in the stool, requiring multiple samples. However, in 
our population, this approach must be weighed against 
the lower completion rate (91%) of using the wooden 
spatula collection of stool samples for the guaiac-based 
tests. Second, there is still room for improvement in test 
performance. Both tests were not able to predict lesions 
in the upper aerodigestive tract. Distal small bowel lesions 
might be a possible source for the guaiac or immuno- 
chemical positivity. 49 Other choices, including the hae- 
meporphyrin test 7 50 and the stool-based DNA test, 51 52 
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Table 4 Demographic data, participation rate, positive rate, referral rate, endoscopic findings and stool test performance in 


the community-based validation cohort 
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Positive predictive value for gastrointestinal tract lesions 




H pylori stool antigen test 


205/643 (31 .9) 


Faecal immunochemical test 


32/89 (36.0) 


Detection rate for gastrointestinal tract lesions 




H pylori stool antigen test 


205/3454 (5.9) 


Faecal immunochemical test 


32/3432 (0.9) 


'Total number of participants who have returned an adequate stool test sample. 



may be evaluated in future studies. Third, although we 
have proven the applicability of our two-in-one strategy in 
a real world setting with a high uptake rate and a fair 
referral rate, its feasibility would be limited in areas 
where the resource for endoscopists is constrained or the 
expense for upper endoscopy is high. Further risk-score 
based approach with targeted endoscopy may be one 
potential solution. 53 Finally, a low proportion of males 
was seen in the community-based population because the 
invitation list was also designed for female cancer screen- 
ing. Although we have adjusted the age and gender distri- 
butions of our community population in the evaluation 
of test reproducibility, self-selection bias could not be 
excluded. Also, the present study was not designed in the 
way to give a definite answer with respect to the mass 
H pylori screening/eradication strategy. Further rando- 
mised trials and cost-effectiveness analyses are warranted 
to confirm the long-term benefit in adding screening for 
gastric lesions to the colorectal cancer screening. 



In summary we have demonstrated that, in our popu- 
lation with negative FIT or normal colonoscopy, the 
HPSA is more accurate than the guaiac-based test in 
screening for upper gastrointestinal lesions. In a popula- 
tion with prevalent upper and lower gastrointestinal 
lesions, the HPSA may be appended to the colorectal 
cancer screening with the FIT. 
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